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1. INTRODUCTION 

The BBC has developed a new system which 
will allow stereophonic sound to be broadcast on the 
existing UHF television oetwork. An additional stereo 
sound signal, on a digitally modulated carrier, is 
placed 0.552 MHz above the existing sound carrier 
frequency''. 

In order to ensure that the new multiplex 
signal is compatible with existing receivers and that 
the CCIR guidelines on interference are met, the level 
of the main sound carrier is reduced from 7 dB to 
10 dB below the peak power of the vision carrier 
(—10 dBp). The level of the digital sound carrier is 
set at -20 dBp. 

One advantage of the new multiplex is that 
it can be transmitted with minimal change in 
transmitter configuration. At stations where separate 
sound and vision amplifiers are used, the two 
sound signals would share the same amplifier. 
At relay stations, the whole multiplex signal is 
usually amplified in one common amplifier. It is 
unlikely that this practice would need to be changed 
substantially. 

The addition of the digital signal does, 
however, impose more stringent requirements on 
system linearity. At relay stations, the output power is 
limited by the onset of distortion. In particular, the 
beat between the vision, sound and colour subcarrier 
signals causes an intermodulation product (IP) which 
can be seen as a pattern on the picture corresponding 
to interference at /,+ 1.57 MHz. The addition of a 
new carrier will introduce further distortion com- 
ponents, the most important being at /v+0.55 MHz. 
PreLminary tests have shown thai this distortion 
product is often more visible than the 1.57 MHz IP. 

It is therefore necessary to quantify the 
impairment caused by these IPs. It is also necessary 
to consider whether the test signal used for objective 
assessment (the conventional 3-tone test) is still 
suitable as a test signal for the new system. 

In main transmitting stations, (separate) sound 
transmitters are operated in a highly non-linear mode, 
in the interests of efficiency. This is a potential cause 
of distortion if the two sound carriers are to share a 
common amplifier because a significant IP, at 
5.45 MHz, may be produced. 



This Report studies the implications of the 
presence of the additional sound carrier on the 
specification of linearity performance. The use of a 
new test signal is considered and the subjective effect 
of the distortion is quantified. 



2. THEORY 

2.1 Generation of intermodulation products 

A linear amplifier produces an output, (f^o), 
which is proportional to the input, (Vm), 

i.e. 1^0 = Ai.Vi„ 

The principle of superposition may be applied. 
The output signal will contain the same spectral 
components, in the same ratios, as the input. However, 
if an amplifier is non-linear, then the output signal 
may be described by a power series: 



V. = 



X A,.{ v,„y, i = 1 



to n 



In this case, superposition cannot be applied. 
The output will contain additional spectral components 
(intermodulation products, or IPs) as a result of the 
higher order terms. Each IP will have a level which is 
proportional to the product of the levels of the spectral 
components of the original signal which contribute to 
it. For instance, consider third-order IPs, i.e. those 
resulting from the term Ai.{K,}'. Suppose the input 
signal consists of three tones of amplitudes Xi, X2, and 
Xi at frequencies /i, /2, and /i respectively. In-band 
IPs will be generated at frequencies: 

yiipDj = f&fi—fi, 

/iP3)ii = f\~frrh, 
/(ipjjjij = 2/1— /s, 
/iP3}iv = 2/1-/2 etc. 

and at levels proportional^ to: 

(^,iP3M = {V2).Ai.X,.Xi.X^, 

l^(iP3ni = {2/2).A^.XuXi.Xi, 

FnP3,iii = (3/4).^3.X,2.Jr3, 

l^(iP3)jv — {'h/^).A^,.X\^.X2 etc, respectively^ 

(Other combinations will be generated at 
frequencies such as f&fr\-j-i and If&fi, but these 
frequencies lie outside the immediate band around the 
three carriers.) 
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The IP levels also depend on the coefficient 
A3. This is a function of the amplifier. 

Fifth-order (so called degenerate) products will 
occur at frequencies such as: 

yilP5)l = /l+/l~/l+/2~/3i 
/(IP5III = /l+/2~/2+/2— /j, 
/I]P5)III = /~/2+/3~/3~/3, 

f^^P5)\v = /1+/L-/1-/2+/3, etc. 

Frequencies /{iP5)f, /(ipsiir and/fipjjm coincide 
vfith f(\Pi)i (i.e. at/i+/2— /i) and the levels of each of 
the IPs will be proportional* to: 

f'dpsit = {l5/4).A,.Xt.XuXuX2.X,, 

F,IP5)lt = il5/i).A,.Xt.X2.X2.X2.X,, 

I^,iP5)i<i = (15/4).^ 5.^.. ^2.^:3.^3.^3, 

2.2 Inlermodulation products in television 
signals 

Most amplifiers, using conventional technology, 
have predominantly third-order non-linearity. Hence, 
third-order IPs tend to be the most significant. 
However, some devices, particularly those using sohd- 
state technology, may exhibit higher-order non- 
linearity, even under normal operating conditions, and 
generate significant levels of, in particular, fifth-order 
IPs. 

Fig. 1(a) shows the basic components of the 
spectrum of a conventional System I PAL television 
signal. Vision carrier, colour subcarrier and sound 
carrier are at/,, /^c and/i, respectively. Two in-band 
IPs will be generated by a simple, third-order, non- 
linearity; they are shown at 1.57 MHz and 2.856 MHz. 
Of these, only the IP at 1.57 MHz above the vision 
carrier is significant. Its level is proportional to 

The other IP at 2.86 MHz, is a product of the 
colour subcarrier and sound carrier only. Therefore its 
level (which is proportional to (Xcsl)2.X5|) is generally 
low. 

Fig. 1(b) shows the additional IPs which may 
result from the addition of a second sound carrier at 
/s2. Again, those products involving the vision carrier 
are the most significant. These are at ±0.55 MHz 
about the vision carrier frequency. In addition, if the 
vision carrier is amplified separately and the two 
sound carriers have a common amplifier then the IPs 
at 5.45 MHz and 7.1 MHz (in the upper adjacent 
channel) may be noticeable. (In this case it may be 
because the common sound amplifier is being operated 
at high efficiency.) 
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Fig. J - Jntermodulaiion products before and after the 
introduction of the stereo sound carrier. 

(a) Before. 

(b) After. Showing the additional IPs resulting from the 
introduction of the stereo sound carrier. 

This Report considers only those IPs at 
/v+0.55 MHz* and/v +5.45 MHz. However, measure- 
ment of the IP at 7.1 MHz (probably with Tderence 
to potential interference problems) may be made using 
the same test signal proposed for the IP at 5.45 MHz, 

2.3 The most significant intermodulation 
products 

2.3.1 The intermodulation product at 
/v+1.57 MHz 

This is the main IP present in a conventional 
television signal. It is a product of the vision carrier, 
the colour subcarrier and the sound carrier. It will 
appear as a low frequency luminance pattern. Since 
the sound carrier is frequency modulated, and at a 
constant level, the 1.57 MHz IP level varies with 
picture content only. Thus it will be at a maximum 
when the modulated colour subcarrier and the modu- 
lated vision carrier are, together, at their maximum 
levels. Since negative amplitude modulation is used, 
low luminance levels correspond to high vision carrier 
levels. Therefore, the 1,57 MHz IP will be highest in 
low luminance, saturated colours. Note that there will 
be no IP present in black, or dark grey areas. 

VSB liltering in receivers reduces the efleclive level of the IP al 
-0.55 MHz by at least S dB so i1 is of minor importance. 
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2.3.2 The inlermodulation product at 
/,+0.55 MHz 

The IP at 0.55 MHz is a product of the vision 
carrier and the two sound carriers. Since only the 
vision carrier is amplitude modulated, the IP level 
varies with picture content. Again, it will be highest 
when the luminance level is low. Since, in this case, 
the IP level does not depend on the presence of colour 
subcarrier, it will be present in all areas of low 
luminance. Because of this and because of its coarser 
structure, it may be expected to be more visible, for 
any given level, than the 1.57 MHz 'sound/chroma' 
IP^ 



2.3.3 The intermodulation product at 
^+5.45 MHz 

This IP is a product of the two sound carriers. 
It may reveal itself in two ways. The IP corresponds 
to a high luminance frequency (5.45 MHz) which will 
be displayed by monitors with sufficient luminance 
bandwidth. Alternatively, in receivers with chromin- 
ance circuits of sufficiently wide bandwidth, it will be 
interpreted as a chrominance signal of 1.02 MHz (this 
being the difference between the IP frequency and 
colour subcarriei frequency). Because of non-constant 
luminance decoding, this will appear as low spatial 
frequency liuninance patterning, which is more visible 
than if it appeared simply as chrominance patterning. 
Low spatial frequencies are more visible than high 
spatial frequencies. Hence, the 1.02 MHz chrominance 
patterning, when it occurs, might be expected to be 
more noticeable than the fine luminance patterning. 

2.4 Test signals 

2.4.1 The present 3-tone test 

In order to evaluate the linearity of an 
amplifier objectively, a test signal is required. The 
performance of the amplifier can then be defined by 
measuring the level of IP generated using the test 
signal. However, when defining a suitable specification, 
it is also necessary to relate the actual, worst-case (or, 
at least, near-worst case) IP level which can occur 
under operational conditions to the corresponding IP 
level produced by the test signal, taking into account 
its subjective effect. This implies that the test signal 
should be, in some way, representative of a real 
broadcast signal. 

At present the '3-tone test' is used. This signal 
consists of tones at frequencies corresponding to the 
vision carrier (/v), colour subcarrier, (/esc), and sound 
carrier, (/i). The relative levels are shown in Fig. 2(a). 

dBp is used to indicale dB with respect lo peak vision power level, 
during ttie synchronising pulse 



-8dBp 



-7dBp 



(a) 



-17dBp 



/esc ^sA frequency 



-2-4dBp 



■lOdBp 



(b) 



-20dBp 



/. 



's-l 42 



frequency 

Fig. 2 - Comparison of levels of conventional and modified 
3-tone test signals. 

(a) ConventionaL (Levels relative to peak vision power, in 
synchronising pulse). 

(b) Modified. (Levels relative to peak vision power, in 
synchronising pulse). 

The tone at /v is at —8 dBp* and the tones at /esc and 
/si are at —17 dBp and —7 dBp respectively. This test 
signal is fairly stringent, corresponding to a picture 
with full colour saturation and a mid value of 
luminance. In addition, the conventional 3-tone test 
signal also happens to have a peak power corres- 
ponding to dBp. 

The normal acceptance limit for a transmitter, 
using this test, is that the IP at 1.57 MHz should be 
no greater than —52 dBp. In the interests of economy, 
two less stringent performance specifications, 
Standard P and Standard Q, are applied to equipment 
used in relay stations serving relatively small popula- 
tions, in marginal situations. (See Appendix). The 
specified level of the 1.57 MHz IP for Standard P 
transmitters is —48 dBp and for Standard Q trans- 
mitters it is —40 dBp. 

2.4.2 Shortcomings of the present 3-tone 
test 

As long as the IPs remain third order only, 
almost any three tones at any levels could be used for 
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a test signal. Knowing the IP level produced when one 
3-tone signal passes through a given non-linearity it is 
possible to estimate 'dB-for-dB' what levels of other 
third-order IPs would be generated by a different 
3-tone signal (See Section 2.1). 

For instance, the maximum level of the 
0.55 MHz IP, occurring in the active picture, is 
generated in near-black areas where the vision carrier 
level is about -2.4 dBp. The 0.55 MHz IP is a 
product of this carrier and the two sound carriers at 
—10 dBp and —20 dBp. Suppose that an amplifier, 
with third-order non-linearity, were found to produce 
a subjectively acceptable level of 0.55 MHz IP when 
the 1.57 MHz IP was measured at x dBp. The actual 
level of the 0.55 MHz IP would be: 

1^1 P3 = x + 0.4 dBp. 

In this case, it would be quite acceptable to 
specify the linearity performance using the conventional 
test signal. 

However, when higher-order non-linearities are 
present, this relationship will no longer apply. Take, 
for example, the extreme case of an amplifier with 
exclusively fifth-order non-linearity. Suppose that this 
amplifier were found to produce acceptable 0.55 MHz 
IPs when the 1.57 MHz was measured at x' dBp. The 
actual level of the 0.55 MHz IP would, in this case, 
be: 

FiP5 = x' + 10.8 dBp. 

In a real amplifier, the non-linear law will be 
some unknown combination of third and fifth (and 
higher) orders and there would be a range of 10 dB 
uncertainty in any results produced with the standard 
test. 



3. EXPERIMENTAL WORK (FIRST STAGE) 

Two sets of tests were conducted: One set of 
objective measurements was made on a range of 
different amplifiers, in order to demonstrate the 
variation in IP levels for amplifiers with differing non- 
linear characteristics. The work was intended to show 
that an alternative 3-tone test procedure is, in fact, 
necessary for assessing the performance of multiplex 
amplifiers in future. 

A set of subjective tests was then made to 
determine the visibility of various levels of the new 
IPs, related to IP levels measured with the initially 
proposed new 3-tone and 2-tone tests. 



3.1 Experimental equipment 

A block diagram of the equipment used to 
generate the IPs is shown in Fig. 3. Two amplifiers 
were used in the equipment. Amplifier I carried the 
vision signal and both sound signals in order to 
produce the 0.55 MHz IP, and Amplifier 2 carried the 
two sound signals in order to produce the 5.45 MHz 
IP. The variable attenuators were used to adjust the 
signal levels passing through each amplifier to produce 
the required IPs independently and at the required 
levels. By suitable complementary 'ganging' of the 
attenuator settings, the overall gain could be kept 
constant, whilst varying the operating conditions of 
each amplifier and, hence, the levels of the IPs 
produced. Care was taken to ensure that the relative 
levels of vision and sound carriers, at the output, were 
maintained correctly at all times. 

For the objective tests, the amplifiers under test 
were placed in the position of Amplifier 1 and, for the 
subjective tests, Amphfiers 1 and 2 were of identical 
types. 



2.4.3 initial proposal and signal used for 
the tests 

In the light of the above arguments, a 
'modified 3-tone test' was proposed and used for the 
tests. The test signal spectrum is shown in Fig. 2(b). 
This signal represents the limiting, worst-case, input 
signal for the generation of the 0.55 MHz IP: i.e. 
vision carrier, at black level (—2.4 dBp), and the two 
sound carriers at —10 dBp and —20 dBp. 

An additional test is required for situations 
where sound and vision are to be amplified separately. 
This test signal would be used to measure 5.45 MHz 
IPs generated as a product of the two sound carriers. 
It comprises two signals, at frequencies corresponding 
to the two sound carriers and at levels of —10 dBp 
and —20 dBp, respectively. 



3.2 Objective measurements 

For objective measurements, the sound and 
picture signal sources shown in Fig. 3 were replaced 
by signal generators giving tones at the required 
frequencies and levels for both the conventional 3-tone 
test and the modified 3-tone test. 



3.2.1 Results of the objective 
measurements 

Fig. 4 shows the variation of IP levels with 
input level for six different amplifiers. The graphs 
compare the level of the 0.55 MHz IP (using the 
modified 3-tone test) with that of the 1.57 MHz IP 
(using the conventional 3-tone test). Table 1 gives the 
0.55 MHz IP levels at the input levels for which each 
amplifier just satisfied the conventional 3-tone test 
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Fig. 3 - Block diagram of experimental anangemenl 



(i e i 57 MHz IP at -52 dBp), This corresponds to 
an mput level oi dB b Fig. 4. « ^-^^.^^^^^"^p 
Unearities only were present then the 0.55 MH^ IP 
would be -0.4 dB relative to the 1-57 MHz IP- 
However, both Table 2 and Fig. 4 show that rather 
Than having a constant difference of -0.4 dB, there is 
a considerable variation both with tnpnt level and 

Table 1 

Relationship between levels of IPs measured wiih the 

experiment 3-tone test* and those measured mth the 

conventional 3-tone test. 



Amplifier 


IP level 
(dBp) 


IP level relative to 
1.57 MHz IPt 
(at -52 dBp) 


I 


-47.7 


4.1 


2 


-48.6 


3.6 


3 


-49.1 


2.8 


4 


-47,2 


4.7 


5 


-42.5 


9.5 


6 


-51.8 


0.2 

., — ' 



amplifier ius1 saiislies ihe coment.onal 3-lon6 leal. 
t This ,s the 1 .57 MHz IP generated by the conventional 3-tone test. 
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beweeri amplifiers. This indicates that it is not valid 
to assume thai the IPs are simply third order. 

3.3 Subjective tests 

For subjective measurements, the signal sources 
were as shown in Fig. 3. The pictures used for the 
^ ts came from a digital Slide Filer Three shdes ^ere 
used- 'Test Card G\ EBU Test Slide 'Formal Pond 
and "'Atoms'. The slide 'Atoms' was included as it is 
Iresentative of many electronically generated pictures 
whch are commonly transmitted. The vertical grey 
sawtooth in 'Atoms' is particularly sensitive to non- 
linear effects. 

The baseband RGB signal was first coded as a 
PAL signal and then modulated onto a earner at UI^ 
Channel 55. The digital sound signal, at/v +^^5 Mm 
was added to the primary sound carrier whrch was 
modulated by an audio frequency tone. 

The viewing conditions were as recommended 
in CCIR Rec 500-2. Two groups of fifteeii observer^ 
were asked to grade the pictures /ccordmg to the 
CCIR S-point impairment scale (defined m Table 2 . 
Observations were also made using tv/o other d^plays^ 
one was a domestic recewer with RGB -P-^Jj^f ^^ 
other was a professional momtor with relatively 
narrow-band chrominance circuits. 
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Fig. 4 - Variation of IP levels for six different amplifiers. 
Level of 1.57 MHz IP using the conventional 3-tone test Level of 0.55 MHz IP using the experimental 3 -tone test: 

Table 2 
The CCIR 5-point Impairment Scale 



Grade 


Impairment 


5 
4 
3 

2 

1 


Imperceptible 

Perceptible, but not aanoying 

Visible, slightly annoying 

Annoying 

Very annoying 
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3.3.1 Results of the subjective tests 

Figs. 5(a), 5{b) and 5(c) show the relationship 
between subjective impairment and IP level. Fig. 5(d) 
shows the rate of change of subjective impairment 
with input level. (As in Fig. 4, dB corresponds to an 
input level at which the amplifier just satisfied the 
conventional 3-tone lest (^52 dB) condition). 

Fig. 6 contains photographs of examples of 
both impairments to each of the three test pictures. 
Figs. 6(a), 6(c) and 6(e) show 0,55 MHz IPs, 
measured at a level of 40 dBp (using the proposed test 
signal). Figs. 6(b), 6(d) and 6(f) show 5.45 MHz IPs 
at a level of 30 dBp. 

The levels of patterning in the photographs 
were chosen to be high enough to make the 
impairments obvious. The photographs demonstrate 
the essential qualitative difference between the two 
types of impairment. 

Both IPs are particularly visible on the grey 
vertical sawtooth background in 'Atoms'. The impair- 
ments are, more or less what might be expected, 
appearing as almost noise-like patterns in both 
coloured and grey areas of the picture. This contrasts 
with the well-known 1.57 MHz sound/chroma IP, 
which can have a very well defined, regular, pattern 
when the FM carrier is unmodulated. These patterns 
can be either stationary or moving. The 0.55 MHz IP 
appears as a coarse luminance pattern while the 
5.45 MHz IP appears as a slightly coarser coloured 
pattern. 



4. EXPERIMENTAL WORK (SECOND 
STAGE) 

4.1 The need for a further modification to 
the test signal 

Consultation with other BBC Engineering 
Departments revealed various objections to the use of 
a test signal with a vision carrier level as high as 
-2.4 dBp. 

In practical terms it is difficult to set up or 
read such a level with a spectrum analyser and a 
'round figure' would be much more convenient, both 
in the laboratory and in the field. Also, the use of a 
worst-possible-case carrier level in an equipment 
acceptance test would, ahnost certainly, lead to 
unnecessarily high costs for pre-corrected solid- 
state amplifiers due to over-specification. There was 
also an objection that cross- modulation in some 
transmitters would make control of the three carrier 
levels interactive, thus making it difficult to conduct 
the test. 

The arguments discussed in Section 2.4.2, 
demonstrate that an accurate model of a near-worst- 
case real transmitted signal is essential in order to 
reveal any possible non-linear effects. It was considered 
that, to reduce the vision carrier level significantly 
would defeat the object of the exercise but that a 
small decrease might ease some of the objections. 

A reduction to —3 dBp would satisfy the 
requirement for a 'round figure' and go some way to 
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Fig. 5 - Variation of subjective impairment with IP level (a to c) and input level (d). 

— — — Test Card G 

— • ^ 'Formal Pond' 
Atoms' 

(a) ft 55 MHz IP (b) 5.45 MHz IP 

(c) 5.45 MHz and 0.55 MHz IPs for 'Atoms' 

(d) Variation of subjective impairment with input level 



reduce the effects of operating so near the limit of the 
amplifier operating range. 



4.2 Experiinenls using 
signal 



the modified test 



There was no time to re-run all the tests 
with this modified value for vision carrier so a short 
set of tests was made, using identical equipment, 
to find the amount by which the specification 
should be modified as a result of a change of 



vision carrier level to —3 dB. Fig. 7 shows how the IP 
level changed, for a range of impairment conditions 
which included 'Just Perceptible', Standard P and 
Standard Q, The graph shows the difference, as a 
function of the level of the 0.55 MHz IP, measured 
with a vision level of —2.4 dB. For low levels, the 
reduction is near 0.6 dB, which is what would be 
expected from a simple third-order non-linearity. As 
the IP increases in level, the reduction is in the region 
of 1.2 dB, demonstrating the presence of high-order 
non-linearity. 
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Fig. 6 - Effect of IPs on three test pictures. 




(a) Test Card G with IP at 0.55 MHz. 
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(b) Test Card G with IP at 5.45 MHz. 
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Fig. 6 (cont.) 




(c) 'Formal Pond' with IP at 0.55 MHz. 
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(d) 'Formal Pond' with IP at 5.45 MHz. 
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Fig. 6 (com) 




(e) 'Atoms' with IP at 0.55 MHz. 
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(f) 'Atom' with IP at 5.45 MHz. 
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level of IP, measured with vision carrier 
o^ -2-4dB w.r.t. peak vision power, dB 

-45 -50 -55 

— r 




fig. 7 - Reduction in the level of IF at 
fv+0.55 MHz as a result of reducing the 
level of the tone at f from —2.4 dBp to 
-SdBp. 



5. DISCUSSION OF RESULTS 

These investigations were made in two stages: 
the results of the first stage of the work all relate lo 
the initial test signal specification; the results of the 
second stage of the work can be used to arrive at a 
performance specification, using a modified, more 
practicable test signal. 



It represents a more practical value to measure and 
also a slightly less stringent test condition. When this 
reduced level is used, then the measured level of IP 
corresponding to a given level of impairment is 
reduced by the amount shown in the graph in Fig. 7. 
The values on the graph have been used to modify the 
first stage results in arriving at the proposed 
specification in the following section. 



5.1 First stage resuMs 

Fig, 5(a) and 5(b) show that, with sensitive 
picture material, the impairment level is 'Just 
perceptible' (Grade 4,5) when the levels of the IPs, 
at 0.55 MHz and 5.45 MHz are -56 dBp and 
—52 dBp respectively. (These figures refer to measured 
values, obtained using the initially-proposed 3-tone test 
and additional 2-tone test respectively). For 
Standard P* (picture Grade 3.8) the corresponding 
values are —50.5 dBp and —46 dBp and for 
Standard Q (picture Grade 3) these values become 
-46 dBp and -38 dBp. 

These results suggest that it may be necessary 
to de-rate some amplifiers as a consequence of 
introducing the stereo sound carrier. The objective 
results described in Section 3.2.1. indicate that the 
necessary degree of de-rating is likely to vary between 
amplifiers. 

Finally it should be noted that these recom- 
mended levels have been determined by viewing the 
pictures on a monitor with fairly high bandwidth 
chrominance circuits. The visibility of the 5.45 MHz 
IP as low-frequency coloured patterning can vary 
significantly with the bandwidth of the chrominance 
circuits. The monitor used gave particularly visible 
coloured patterning compared with observations made 
on two monitors with low-bandwidth chrominance 
circuits. On the tatter two, an HF luminance pattern 
predominated. However no formal tests, using different 
monitors, were carried out, 

5.2 Second stage results 

A level of —3 dBp, for the tone at /v may be 
substituted in the specification for a 3-tone test signal. 

See Appendix for definiiions and discussion o( Sfandafrfs Pand O. 



6. PROPOSED 3-TONE TEST FOR NICAM 
728 AND REQUIRED PERFORMANCE 
SPECIFICATION 

A new 3-tone test signal has been propped for 
measuring IP performance of UHF television trans- 
mitting amphfiers, required to carry a NICAM 728 
signal. The test signal should comprise three tones, at 
frequencies /„ /i and fa and at levels of —3 dBp, 
—10 dBp and —20 dBp, respectively. (The levels to be 
measured at the output of the amplifier.) The signal 
represents the limiting, near-worst-case, for the genera- 
tion of a 0.55 MHz IP: i.e. vision carrier, at near black 
level and the two sound carriers at their normal 
specified level. 

In addition, the tone at/s2 should be frequency 
modulated at a slow rate with a peak deviation of one 
quarter of the bit rate (180 kHz). The frequency 
sweep rate should be sufficiently low to ensure that all 
the IPs appear on a spectrum analyser trace and are 
not missed due to strobing of the two sweep rates. 
This should enable detection of any IPs which a 
precorrector, set up to eliminate single-tone IPs, might 
not cancel. 

An additional test is required for situations 
where sound and vision are to be amplified separately. 
This test signal would be used to measure 5,45 MHz 
IPs generated as a result of the two sound carriers. It 
comprises two signals, at frequencies /i and f^i, at 
levels of —10 dBp and —20 dBp, respectively. Again, 
the tone corresponding to the stereo sound carrier 
should be frequency modulated. 

Table 3 shows the proposed specification for 
the acceptable levels of IPs, generated using the 
proposed three- and two-tone tests. The values of 
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appropriate level for the 0.55 MHz IP are the result of 
combining the results of the subjective test (using 
results for the 'Atoms' picture in Fig. 5(b)) with the 
information in Fig. 7 (adjustment for the modified 
vision carrier level). 

NOTE: The level of the 5.45 MHz IP will also depend 
upon any filtering used in the sound/vision combiner, 
which should be taken into account in assessing 
performance. 

Table 3 
Specification of permissible IP levels. 



Standard 


IP level (dBp) 


0.55 MHz* 


5.45 MHzt 


Just Perceptible 
P 
Q 


-57 
-53 
-47 


-52 
-46 
-38 



Using modified 3-tone lest with -3 dBp vision carrier level and 
sound carriers at -10 dBp and -20 dBp 

f Using new 2-tone test wilh sound carriers only. 



7. CONCLUSIONS 

The introduction of the stereo sound carrier to 
the terrestrial transmitter network may lead to 
increased levels of impairment due to intermodulation 
distortion. This takes the form of new intermodulation 
products at frequencies of about 0.55 MHz and 
5.45 MHz above the vision carrier frequency. These 
are visible as different forms of patterning on the 
displayed picture, especially in dark grey areas of the 
picture. 

It has been demonstrated that the existing 
3-tone test does not predict, accurately enough, the 



level at which these IPs are generated. This is because 
fifth-, and higher-order, non-linearities have a 
significant effect in relevant areas of the picture. 

Two new test signals have been proposed: a 
new 3-tone test, for common vision and sound 
amplifiers and a 2-tone test for amplifiers carrying 
only the two sound signals. These are recommended 
for specifying UHF amplifiers for the new service. 

A series of subjective tests has been held to 
determine the acceptable levels of new IPs generated 
as a result of the addition of the stereo sound carrier. 
The results indicate that, for just perceptible impair- 
ment, the maximum levels of the 0.55 MHz IP and 
5.45 MHz IP (when using the proposed test signals) 
should be at —56 dBp and —52 dBp respectively. 

As a result, it may be necessary to de-rate 
some UHF amplifiers in order to ensure that the IPs 
are at an acceptable level. 
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APPENDIX 
Standards P and Q 

When setting the specification for performance of main transmitters aod relay stations, a range of standards 
is appropriate. 

At main stations, in view of the fact that a large number of viewers are served, it is important that the 
transmission be maintained at a high quality. Transmission impairments are usually specified to be not worse than 
'Just Perceptible'. This corresponds to Grade 4.5 on the CCIR 5-point Impairment Scale. Exceptions to this rule 
would only be tolerated during maintenance periods or when, for example, there is a fault and the transmitter is 
being operated in a reserve mode. Under these, temporary, conditions, additional impairments may be tolerated. 
For example, a worse IP performance may be accepted in order to obtain sufficient output power to serve as wide 
an area as possible, under the fault condition. 

At relay stations, for economic reasons, there must be a compromise between the size of population served 
and the quality of service provided. In 1 974, a joint group from the BBC and IB A studied the problem and agreed 
on two standards which were to be applied to relay stations in certain marginal situations where it is considered 
uneconomic to provide a service of the highest quality. 

Standard 'P' was chosen to be the standard applicable to stations with a net coverage* of more 
than 2000 people. 

Standard 'Q' was chosen as the standard applicable to the last station in any chain where the net 
coverage is less than 2000 people. 

A wide range of impairments was covered in the study, including the effects of noise and interference, the 
sound/vision ratio and the effects of linear and non-linear distortions. The limiting values were chosen, for each 
type of impairment, bearing in mind such factors as cost and stabihty of equipment. For intermodulation distortion, 
the limiting impairments were: 

Standard 'P' 

50% of observers to consider the impairment 'Just Perceptible' and 50% to consider the 
impairment 'Definitely perceptible but not disturbing'. 

Standard 'Q' 
The impairment to be rated 'Somewhat objectionable'. 

These impairments correspond to Grades 2.5 and 4, respectively, on the old CCIR 6-point impairment 
scale. On the new CCIR 5-point scale the corresponding grades, using hnear translation from one scale to the 
other, are: 

Standard 'P' Grade 3.8 

Standard 'Q' Grade 3 



This is to include the service areas o< any relay stations wtiicti are fed by ttie relay station m question. 
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